How do organizations coordinate interdependent activities across geographic distance? We analyze 121 surveys of offshored processes to understand both the sources of difficulty in the remote delivery of services as well as how organizations overcome these difficulties. We find that contrary to conventional wisdom, system dependence of a process is a much greater hindrance to the offshoring service delivery than process stickiness. We also find that firms could overcome system dependence by either investing in generating common ground across locations to coordinate over interdependence. However, our findings indicate that investing in modularity or in facilitating ongoing communication across locations does not lead to coordination across geographic distance. We find differences between simple and complex processes on the use of these coordination mechanisms.
Introduction
There has been a recent and dramatic increase in Business Process Offshoring (BPO), especially in the services industries. In offshoring, activities that hitherto were performed collocated with their surrounding activities are now moved to different locations, typically to low wage locations in other continents. An OECD report (2005) suggested that 20% of all employment of the OECD countries in North America and Western Europe could be affected by international sourcing by the year 2010
1 . This geographic relocation of activities that offshoring entails, however, is far from a simple "lift" and "drop". This is because most candidate processes for offshoring typically interact with several other processes in the production of a service. Since several of these linked processes continue to be performed onsite after the focal process is offshored, managing these interdependencies is typically a critical factor in successful offshoring. Such coordination is further complicated by the fact that the personnel executing the process in the offshore location do not posses in-depth knowledge regarding how this process was performed in its original location. The purpose of this paper is to analyze the effectiveness of different coordination mechanisms in mitigating the adverse performance impact of the system dependence of the offshored process.
Coordination is the alignment of actions among interdependent actors; coordination failure typically occurs when each actor is unable to predict and adjust to the actions of others (Heath and Staudenmayer, 2000; Gulati, Lawrence and Puranam, 2005) . 2 Prior theory has studied in depth two mechanisms that enable coordination in organizations -plan and feedback. When patterns of interdependence are stable, a structured approach to coordination that relies on regularity of actionplans, schedules, procedures or routines, and modular approaches -can be both effective and efficient (March and Simon, 1958; Thompson, 1967; Nelson and Winter, 1982; Baldwin and Clark, 2000; Sanchez and Mahoney, 1996) . In contrast, when the nature of interdependence is poorly understood or 1 OECD Working party on the Information economy, April 2005 -reported in the PriceWaterhouseCoopers and Economist Intelligence Unit joint report on offshoring the financial services industry, September 2005 2 In contrast, cooperation is the alignment of interest; cooperation failure occurs when actors have conflicting incentives Each type of failure of collective action -coordination or cooperation failures-can occur independent of the other (see Camerer and Knez, 1996; Gulati, Lawrence and Puranam, 2005) . subject to frequent change, effective coordination requires extensive and ongoing communication or feedback (March and Simon, 1958; Thompson, 1967; Tushman and Nadler, 1976; Mintzberg, 1980) .
Recent research on the benefits and costs of modularity throws light on the use of planned coordination strategies in offshoring. Modular solutions achieve efficient coordination (as well as motivation) when tasks can be ex-ante partitioned into appropriate modules and their interactions can be fully specified. This would suggest that activities be portioned in such a way between offshore and onsite locations such that interdependence between them is minimized and fully standardized.
However, there are certain practical limitations to such a strategy. Interactions between activities may not be ex-ante well understood (Ethiraj and Levinthal, 2004 ) to achieve such efficient partitioning into nearly decomposable modules. After tasks are partitioned into modules, it may not be possible to fully specify ex-ante and structure the residual interdependence between them. Often there is a need for (sometimes substantial) upfront investments in both understanding the nature of interactions between activities and in creating "well-specified" interfaces. Scholars have pointed out that while the benefits of a modular architecture critically hinge on the presence of well specified interfaces, this literature ignores the cost (or the feasibility) of specifying such interfaces. Therefore, it is most likely that, except in the case of the simplest of processes, interfaces may not be completely specified and residual interdependence will have to coordinated over between the offshore and onsite locations.
Coordination by feedback can be utilized when plans prove insufficient to achieve coordination (March & Simon, 1958) . In these situations, interdependent actors constantly communicate with each other in order to mutually understand the nature of interdependence. There is plenty of empirical evidence that close collaboration involving rich communication can effectively coordinate non-modular activities across organizations (Helper et al, 2000; Dyer, 1996a Dyer, , 1996b .
These theorists suggest that feedback or close collaboration across organizational boundaries leads to as good outcomes as a modular strategy (Gandori, 1997; Grandori & Soda, 1995; Gulati et al, 2005) and a few have even suggested that feedback leads to better outcomes than modular strategies (Sobrero & Roberts, 2001) . The above stream of literature, thus suggests that coordination by feedback may complement modularity, by resolving residual interdependence or may even substitute for a modular strategy.
not aware of any systematic analysis using field data on the use of common ground as a coordination mechanism, especially in remote coordination. It is especially important to distinguish the use of tacit mechanisms that generate common ground as a coordination mechanism distinct from communication in the filed, since in the real world communication is not artificially restricted as usually done in experiments. This distinction is important because communication is usually the quickest means of generating common ground.
In this paper we empirically investigate the coordination mechanisms used in distributed work and their performance consequences as a function of the system dependence of the offshored process.
We use data from 121 surveys of offshored IT, BPO and contact centre processes to test what effect investment in the three generic coordination strategies, namely, modularity, ongoing communication and generating common ground, have on the post-offshoring performance of these processes. First, we find evidence that modularity, communication and common ground are indeed three distinct constructs, establishing common ground as a distinct coordination strategy apart from modularity and communication. Second, we find that common ground positively moderates the performance consequences of system dependence of the offshored process. However, investment in modularity or in ongoing communication do not have this moderation effect. Our findings suggest that common ground may be the most powerful coordination mechanism in coordinating distributed processes.
The rest of the paper is organized as follows. In the next section we discuss the theoretical background and suggest some propositions regarding how processes can be effectively organized in a distributed setting. Next we present our sample and analysis techniques. Next we present the results of our analysis. Finally, we present a discussion of our findings, conclusions and directions for future research.
Theory and Hypotheses
We first define outsourcing and offshoring and walk-through a stylized example to ensure that the readers are familiar with the terminology used in the following sections. The sourcing of any process can be discussed along two dimensions -that of ownership, i.e., who executes the process and of geography, i.e., where is the process executed. Let us consider the origin-state of the process. At this state, the firm has complete ownership of the process, which is executed by the firm's employees.
The process is also executed in the same "onsite" location as all of its surrounding processes. This situation, which we call status-quo is identified by cell 1 in Figure 1 . An example for status quo is when research support for a JP Morgan trader in New York is provided by a JP Morgan employee also based in New York.
A process that is not in Cell 1 is considered alternatively sourced. Cell 2, which we call onsite vendor, represents the situation where the process is outsourced but onsite when the responsibility for executing that process lies with another firm, who executes the process in its original location. In our example, the research support to the JP Morgan trader based in NYC is provided by the employee of another firm, who works from New York. Cell 3, named offshore captive, represents the situation where the process is performed by the firm's employees, but from an offshore location. In our example, research support to the JP Morgan trader based in NYC is provided by a JP Morgan employee based in Singapore. Finally, in cell 4, named offshore vendor, the process is performed by another firm and from a different location than its surrounding processes. In our example, research support to the JP Morgan trader based in NYC is provided by the employee of another firm and this employee is based in Singapore. We define alternative sourcing as movement of a process out of cell 1 into any other cell in figure 1. We define outsourcing as a movement from the top row to the bottom row, and offshoring as movement from the left column to the right column. In this paper, we specifically concentrate on the challenges of offshoring.
Process system dependence is likely to be a significant impediment in offshoring a process. This is because, system dependence imposes the need for ongoing "hot" coordination between the offshored process and remaining onsite processes in order to produce the goods/services required by the customer. Winter (1987, p173) uses the term system-dependence to describe the relationship between knowledge and the context in which it is used. The nature of interdependence between the focal activity and surrounding activities gives rise to the need to coordinate across activities and creates system dependence (Clark and Fujimoto, 1991; Wheelwright and Clark, 1992; Iansiti, 1998) .
System dependence is a significant obstacle to the replication of capabilities in a new context (Winter, 1987; von Hippel, 1994) . When an activity needs to be adapted to a new context, typically, both the context and the activity need to be adapted to each other. This involves experimentation and redesign of both the activity and the context such that the desired coordination occurs to produce an output (Puranam and Szulanski, 2004) . Such experimentation and adaptation is typically a problem since the knowledge underlying the performance of the activity and how it relates to the old context is likely to be held by one set of personnel, while knowledge about the new context and the desired functioning of the activity is held by another set of personnel. To add to complications, such knowledge about how the capability and the context are related to each other is itself likely to be 'sticky' and very hard to transfer (von Hippel, 1994; Szulanski, 1996) . The above scholars therefore suggest that controlling for process stickiness, system dependence is a significant impediment to alternative sourcing.
Performance of the offshored process is likely to critically depend upon the ability of the onsite and offshore locations to coordinate their actions for the continued production of the service.
System dependence between the onsite and offshore locations is likely to result in coordination failures if such interdependence is not fully accounted for. Lack of coordination between the offshored process and linked onsite processes is likely to result in poor performance, since both the onsite and offshored processes need to be continually adjusted to changing conditions in each to produce the service required by the customer. Therefore, we suggest that:
H1: Processes with high system dependence pre-offshoring are likely to have poor performance post offshoring, ceteris paribus.
To reduce coordination difficulties when offshoring a highly system dependent process, either interdependence can be reduced, or the organizations may put in place mechanisms that allow them to coordinate high interdependence across geographic distance.
Reducing the interdependence between the offshored process and the surrounding processes via modularizing and re-engineering is the first strategy that we will consider in this paper in offshoring a process with high system dependence. We rely on the well developed literature on modularity to understand this mechanism. The essence of the modularity argument is that a system of activities be decomposed into sub-systems (also known as modules or components), such that activities within a component are highly interdependent with each other, but there are few dependencies between activities that are part of different components (Baldwin and Clark, 2000; Langlois, 2002; Simon, 1962; Ulrich and Eppinger, 1999) . Modular designs are considered to be particularly useful when systems become so large and interdependencies between the elements comprising the system so complex that integrated design efforts become almost impossible (Simon, 1962) .
Several scholars have modified and applied the modularity ideas from the domain of product design to organization design, especially considering which activities an organization should "own". Sanchez and Mahoney (1996) argue that modular product architectures create an information structure that provides the 'glue' that holds together loosely coupled parts of an organization and creates coordination without the need to continually exercise authority. Since modules depend on each other in a standardized way, there is little need for the modules to interact continuously in an ad-hoc manner for the system to exhibit the desired behaviour. The power of modularity idea expresses the insight that even innovative processes can be organized in such a fashion, as long as the innovations are contained within modules and do not affect the interactions across modules (Baldwin & Clark, 2000) .
The computer hardware industry is the most frequently cited example of this strategy. A central thesis of the modularity literature has been that complex coordination is easier to conduct within firms rather than between, so that process modularity with well specified interfaces may be necessary for outsourcing (Sanchez and Mahoney, 1996; Schilling and Steensma, 2001; Langlois, 2002) .
However, modular solutions are expensive to accomplish. Modularity typically implies upfront investment in generating significant and detailed knowledge about the process and its surrounding activities and understanding the nature of interdependence between them. Only with such investment in understanding the nature of interdependence can the tasks be divided into appropriate modules and the interfaces can be specified. Therefore, the investment in modularity must be commensurate with the interdependence of the task at hand.
Applying the insights from this literature to offshoring would suggest that the activities that comprise a process be partitioned such that that the different locations act as modules that are either independent of the modules in other locations, or more likely, interact in a standardized way with the modules in other locations. In our previous example, the tasks carried out by the JP Morgan trader in New York and the research support person in Singapore would be defined such that their actions are largely independent of each other and most interactions between them are standardized. The investments need to be larger, the more the interdependence between the tasks of the trader and the research support associate. Therefore, we propose that Integral to the conception of a modular system is the presence of well-specified interfaces. An interface is defined as the structure that defines the interaction between modules. The power of a modular system lies in the assumption that interfaces are well specified. An interface is considered well specified when the nature of all interactions between modules can be specified ex-ante in rules and procedures, such that there is no need for ad-hoc unstructured information transfer between the two modules. A well specified interface thus limits interactions between modules in nearly decomposable systems, and enables information encapsulation, reducing the amount of coordination necessary between adjacent activities (Baldwin and Clark, 2000) . For example, consider the interaction between a citizen and the passport issuing office. The passport application form acts as the interface between these two interdependent units. This interface is in most cases well specified. The questions in the form are self-obvious to the respondent who needs no clarification from the passport office. Similarly, when the completed form is returned, the passport office typically does not need any help from the citizen to understand what a certain entry means and how it should be utilized in the production of the passport. Several authors find that the benefits of organizational modularity are enhanced by presence of features such as standards that act as well specified interfaces that improve coordination (Schilling and Steensma, 2001; Puranam and Singh, 2004) . Interfaces could be purely technological such as standards or could be organizational such as divisions in M-form organizations or could be a combination of the two (Langlois, 2002; Puranam, 2001 ). In the offshoring setting, therefore, the modularity strategy requires that well specified interfaces be created between the offshore and onsite locations such that all interactions can be fully specified ex-ante. In our previous example, a well specified interface would require that the tasks carried out by the JP Morgan trader in New York and the research support person in Singapore would be defined such that all interactions between them conform to a pre-specified standard.
However, typically, it is not possible to fully specify organizational interfaces. Modular solutions critically depend on well specified interfaces -but typically this literature assumes away the problem of identifying the correct modular structure and creating these interfaces (Ethiraj and Levinthal, 2004) . The first limitation to achieving completely modular solutions is bounded rationality of the individuals who design the modular system. Complete specification of interfaces assumes an omniscient organizational designer who anticipates every possible contingency and designs the interface to resolve all possible coordination situations that might arise between the two locations. Second, a modular code architecture is vulnerable to the same weaknesses as any preplanned coordination strategy when it is faced with uncertainty. Uncertainty leads to less than complete specification of the interface and changing circumstances would require re-specifying the interface. Finally, while such extensive specification is conceivable in very simple processes, it is likely to become very expensive for processes with even moderate system dependence 4 . Hence, large upfront investments may be required in creating a modular solution, and these costs are likely to increase sharply with the complexity of the problem.
The above considerations suggest that in offshoring situations, after an effort is made to partition activities into modules with little interdependence across locations, there will typically remain some residual interdependence that needs to be coordinated for successful service delivery.
The performance of the process from the offshore location, therefore, depends on the ability of the firms in bridging this residual interdependence.
Modularity, however, is only one of the two generic mechanisms of coordination, the other being coordination via unstructured communication between the interdependent parties. Scholars have always recognized the need for alternative coordination mechanisms under conditions when "plan"
based strategies such as modularity are insufficient to achieve coordination. When the nature of interdependence is poorly understood or subject to frequent change, effective coordination requires extensive and ongoing communication between the interdependent units regarding their latest state, and to provide information regarding their expectations. Several scholars have enriched our understanding of coordination through unstructured rich communication as discussed under the terms feedback (March & Simon, 1958) , mutual adjustment (Thompson, 1967; Mintzberg, 1980) , qualitative coordination (Langlois, 2002) , joint problem solving (Wheelwright and Clark, 1992) and integration strategies (Lawrence and Lorsch, 1967) among others.
Several scholars interested in the "outsourcing" question have suggested that ongoing communication between highly interdependent units can achieve coordination, even if these units are parts of different firms (Helper et al, 2000; Dyer, 1996a) . In contrast to the arguments of modularity scholars of the necessity of thin interfaces for efficient coordination across firm boundaries (Baldwin and Clark, 2000; Sanchez and Mahoney, 1996; Schilling and Steensma, 2001 ) many organization scholars have pointed out that coordination between modules, both within firm boundaries and across firm boundaries is characterized by thick forms of coordination -instead of being partitioned off by interfaces, there is often inter-penetration between firms (Grandori and Soda, 1995; Grandori, 1997; Gulati, Lawrence and Puranam, 2005) . The difference in specification of interfaces is nowhere as obvious as in the case of outsourcing. For the very same process, different firms rely on well specified interfaces vs. ongoing communication to varying degrees. This has been documented in the automotive industry (Gulati et al, 2005) and in software services (Bidwell, 2004) . Plenty of casebased evidence is offered to suggest that non-modular activities are outsourced quite successfully (Helper et al, 2000; Sako, 2003) . Research describes how automotive firms transact with a small number of suppliers and rely on practices such as close and intensive communication and extensive information exchange to coordinate between assemblers and suppliers of innovative components, thus achieving not only coordination, but also low transaction costs mitigating hazards of opportunism (Helper et al, 2000; Dyer, 1997) . Dyer (1996a; 1996b) finds evidence that inter-firm human asset co-specialization between the supplier and automaker achieves superior coordination similar to hierarchy within a single firm, and has a positive impact on performance.
However, facilitating ongoing communication and cooperation between the interdependent units is likely to be expensive. Dyer (1997) and Helper et al (2000) suggest that relational assets are developed over a period of time, which help in close collaboration by various means, such as shared norms and procedures, introduction of a joint language, human assets co-specialization and shared culture through socialization. It is suggested that such relational assets by themselves are expensive to create and might become a source of opportunism.
Applied to the offshoring setting, these investments include the provision of IT infrastructure such as special applications, the need for high bandwidth tools such as videoconferencing, Net meeting etc., and high capacity lines that make these tools operational, as well as training personnel in remote collaboration techniques such as active listening, role playing etc. that allow them to be effective in joint tasks without the affordances of shared social space (Kiesler and Cummings, 200) . It is therefore likely that investment in joint communication mechanisms should be commensurate to the degree of interdependence between the locations. Therefore, we suggest that: In our offshoring context, therefore, the residual interdependence has to be coordinated using ICT tools. Residual interdependence, however, most likely involves complex and changing patterns of interactions, and probably requires communication using rich media to achieve coordination. Media richness theory suggests that different media convey qualitatively different types of information, with rich media allowing more types of information transfer than poor media (Daft & Lengel, 1984; .
Face-to-face communication is considered the gold-standard for media rich interaction, and tools that replicate face-to-face interaction are especially important, under conditions of low analyzability and low familiarity between interacting individuals, such as those in different locations (Rice, 1993; Kraut et al, 1992) .
A large literature examines whether ICT mediated communication can approximate face-toface communication (De Meyer, 1991; Kraut et al, 1988; McGuire et al, 1987; Siegel et al, 1986; Walther, 2002) . The essence of the findings from these studies is that all forms of ICT mediated communication perform poorly vis-à-vis face to face communication in terms of "bandwidth" -the ability to convey non-verbal and visual cues- (Short et al, 1976; Daft & Lengel, 1984; ) and synchrony -the ability to provide and receive immediate feedback - (Kraut et al, 2002; see Olson et al, 2002 ; see Kiesler and Cummings, 2002; Kraut et al, 2002, and McLeod, 1996 for reviews). Even video-conferencing, the highest bandwidth communication technology is a poor substitute for face-toface communication because it neither provides high-fidelity interactivity nor the social benefits of sharing common space (Doherty-Sneddon et al, 1997; Heath & Luff, 1991; O'Connail et al, 1993; Whittaker, 1995) . Further, especially in the offshoring context, where teams often working from different time zones, the lack of co-presence is a crucial barrier to communication using synchronous communication channels such as telephone, instant messenger and video conferencing (Armstrong & Cole, 2002) . The above literature suggests that communication using ICT tools is likely to be of little use in coordinating unstructured interdependence in most offshoring settings.
In our prior work, we drew on qualitative data from 60 software development and maintenance projects conducted in two firms, to build a deeper understanding of how coordination occurs in distributed setting despite the limits to both real time communication as well and preplanned coordination. In that study we found a third means of achieving coordination between interdependent units across locations -one that involves relies on generating common ground to achieve coordinated action. Common ground achieves coordination by two means: the anticipation effect and the interpretation effect. The anticipation effect is so named because common ground enables actors to anticipate each others reactions to a given situation and hence adjust their own actions thus achieving coordination. The interpretation effect is so named because pre-existing common ground between two actors enables them to utilize it to interpret thin communications into thick meanings. Our qualitative work therefore suggests that common ground is an alternative coordination mechanism to modularity and communication, and it allows interdependent actors to form accurate expectations regarding each others actions without the need for communication. Our qualitative work also suggests that common ground, similar to modularity and ongoing communication, is expensive to create across locations and hence investment in generating common ground is commensurate with the level of interdependence that needs to be coordinated across the locations. Therefore, we suggest that 
Methods

Sample and Data Collection
To test the above propositions we collected survey data from managers of offshored processes from a number of client and vendor organizations. The target population was managers who had first level responsibility for the delivery of an ongoing service from an offshore location for an IT or IT enabled services (ITES) process. By ongoing service delivery we mean those processes where significant knowledge is transferred from the onsite to offshore personnel on a one-time basis which allows offshore personnel to try and replicate the service that was provided from onsite before. Such services include maintaining IT systems from offshore locations, contact centres that provide services such as handling inbound enquiries, making telesales calls, and performing back office operations such as accounting, check clearing, funds transfer etc.
The sampling frame was the set of IT and ITES vendors who had operations in India, as defined though public announcements of offshoring of business services either between 2000 and 2005. Since India accounts for almost 70% of the IT and ITES offshoring globally, restricting our sample to just firms with an Indian connection, we believe does not come at the cost of reduced generalizability 5 . Our search for public announcements of offshoring of services during the specified time period enabled us to identify 28 vendor firms as identified in Table 1 . While we approached all 28 of these firms, 13 firms returned completed surveys that are used in this research. We also received surveys from 3 of the 15 client firms that operate captive centres in India. We received completed surveys for multiple processes from each firm, for a total of 121 surveys 6 , thus allowing us to control for firm specific factors in our analyses.
INSERT TABLE 1 HERE
The survey went through several stages of development and refinement before it was administered to process managers. As part of a larger research programme on the offshoring of IT and business services we interviewed over 100 managers from both client and vendor firms. These interviews influenced the design of the questionnaire and influenced many of the items included. The later interviews specifically sought clarifications on key constructs for this study, especially in classifying the types of effort involved in migrating a process from its original location to the offshore location, such as knowledge capture, modularity and redesign of processes, communication efficiency and the creation of common ground.
The survey instrument was designed on the basis of these interviews and using items from prior studies where available. The survey was piloted with several managers to remove ambiguities and examine the face-validity of our measures. The managers that provided feedback on our surveys were distinct from the respondents for our surveys. We used the insights from the pilot study experience to add appropriate comments next to the items using the comment feature in MS Word as additional help for respondents to interpret the questions. These comments were also piloted with managers before the surveys were sent to respondents. Finally, in order to reduce response bias, we used multi-item scales from literature for most constructs and used multiple response formats.
The surveys were emailed in advance to a senior manager in each vendor firm that indicated an willingness to participate in this study. The senior managers typically appointed a person within the firm to be responsible for coordinating the response within their firms. These coordinators identified suitable processes from within their firms that should be included in the study and requested the managers who were responsible for migration and steady state management to complete the questionnaires. In many instances these coordinators themselves were respondents -they completed the survey first with heavy involvement of the researchers to interpret and clarify questions, which helped them answer any queries from other managers in their firm.
For each offshored process, our questionnaire requests information on the knowledge characteristics of the process before offshoring, the effort spent on migrating the process, and performance of the process in steady state. Since many of our measures are subjective, to avoid common method bias, we required that each questionnaire be completed by two different individuals who has knowledge about the process. Part A of the questionnaire requests information on process characteristics before offshoring and the steps taken to migrate the process from its original location to the offshore location. Part B requested information on the steady-state performance of the process.
However, for 15 surveys, the same person completed both parts of the questionnaire. This was mainly because another person who had knowledge of the process was not readily available 7 . However, we know that for at least 10 of these single respondent surveys, the two parts were completed at different times, after an effort was made to identify another suitable respondent, and none was found.
Measures
Each respondent was first asked to answer some general questions about the process that was offshored. These include measures of the size of the process, its location pre and post offshoring, the number of activities it is interdependent with, the locations of these interdependent activities, the length of time spent in preparing the process for offshoring and the time this process has been 6 Data limitations reduced the effective number of observations for some analyses. 7 The high growth and the very high attrition rates of over 35% in the Indian BPO industry mean that when a manager quits, there is often no one available who has knowledge about the history of the process and its operating in steady state at the offshore location. The respondents then answered detailed questions about the nature of the process pre-offshoring, the steps taken to migrate the process and its performance post-offshoring. We used multi-item formative scales for most of our constructs. When possible, we also measured some constructs using objective information. The items were informed both by a comprehensive survey of the literature as well as by the interviews and pre-tests.
We measured the reliability of our constructs used in the following analyses by using both
Cronbach alpha and performing confirmatory factor analysis. Nunnally and Bernstein (1994) suggest that alphas higher than 0.7 are acceptable in most cases. Therefore, in this research we use an alpha of 0.7 as the cut-off value to accept a scale. All confirmatory factor analyses reported here were performed using AMOS v6.0. We have used two measures of fit provided by AMOS to judge the models: Comparative Fit Index (CFI) proposed by Bentler (1990) and the minimum discrepancy divided by the degrees of freedom for the model (CMIN/DF), proposed by Wheaton et al (1977) .
Models with CFI closer to 1.0 than 0 are considered to have good fit (Bentler, 1990) . Values of CMIN/DF less than 5 are considered reasonable in macro constructs (Wheaton et al, 1977; Marsh and Hocevar, 1985) . Table 2 lists the items for each measure as well as measures of their reliability.
Steady State Performance of the process post-offshoring
Our dependent variable, steady-state performance of the process from the offshore location.
We measured performance along the following six categories (1) Cost savings, (2) Access to high quality employees, (3) service quality improvements, (4) flexibility (5) Rapid growth and (6) Overall satisfaction with the service. We decided to specifically focus on the first five categories since our interviews suggested that these capture the motives for offshoring for a large majority of the firms.
We also included a "any other" category in our survey, which was utilized only by 3 of the 120 respondents.
We measured achieved performance on each of the above categories on a 9 point scale, where -4 was "Complete Failure"; the mid-point 0 was "Meets Expectations" and +4 was "Exceeds performance except the other respondent. Many companies operate on the "buddy principle" precisely because of this threat.
Expectations". Respondents were requested to choose on this "Likert" scale the achievement of objectives in each of the above categories. These six items produced a single scale with Cronbach's alpha = 0.81. In a confirmatory factor analysis, all items loaded on a single factor with a CFI of 0.87
and CMIN/DF of 3.9.
Independent Variables
Process System Dependence Process system dependence was captured using two items that measured the intensity of interactions between focal process with other processes, and the magnitude of cascading effects of process changes across its linked processes. These items were adapted from literature to apply to the offshoring setting (Zander & Kogut, 1995; Gatignon, Tushman, Smith & Anderson, 2002) . Since these two items capture different dimensions of system dependence of the focal process, our measure is created by adding the scores on each item. In our data, the correlation between these two items is 0.4, showing that these do capture different aspects of system dependence. We get qualitatively identical results using summed scale or the individual items as our measures of system dependence.
Investment in Modularity
Five survey items were used to measure the extent of investment in modularizing the process during transition. These items were created based on our fieldwork in the offshoring setting and captured the effort spent in reengineering the process, simplifying linkages between processes, creating well specified interfaces and portioning the process such that cross-location interdependencies are minimized. The Cronbach alpha of 0.88 for this scale indicated a good fit. Confirmatory factor analysis resulted in a CFI 0.92 indicating a very good fit, though CMIN/DF was 5.7 indicating a poor fit. 
Investment in Communication
Investment in Common Ground
Six survey items captured the extent of investment in creating common ground during transition and afterward. These items captured the tools used to generate common ground identified in our qualitative work, namely transparency of decision making procedures, using tools that promote transparency of actions across locations, promoting shared experience among personnel and travel between locations. The Cronbach alpha measure for reliability of this construct is satisfactory (ά = 0.81). Confirmatory factor analysis with a single factor had a CFI of 0.86 and a CMIN/DF of 4.1, indicating acceptable fit.
One of the contributions of this paper is to establish a measure for common ground and show that it is a distinct coordination mechanism different from modularity and communication. For this purpose we carried out further analyses to establish discriminant validity between these constructs. In confirmatory factor analysis, we entered all three constructs as endogenous variables and their respective items as observed variables. The analysis where the three variables are distinct constructs that are able to co-vary with each other vastly superior goodness of fit over single factor model. The CFI and CMIN/DF were respectively 0.89 and 1.88 for the multi-construct model, compared to 0.54 and 4.5 for the single construct model. In the multi-construct model, the co-variances between each construct was also significantly different from 1.0, again showing discriminant validity.
To ensure discriminant validity between communication and common ground, we carried out a procedure similar to the above, where just communication and common ground were the endogenous constructs. Again, we find the two-factor solution had superior goodness of fit with a CFI of 0.85 and CMIN/DF of 2.74 over a single factor solution with CFI of 0.7 and CMIN/DF of 3.7. The covariance between the two factors of 0.7 is significantly different from 1.0, establishing discriminant validity.
INSERT TABLE 2 HERE
Control Variables
Size of the process: Size is measured as the log of number of full time equivalent employees that are employed in the process.
Maturity of process offshore:
Maturity of the process offshored is measured as the time since steady state operations were achieved in the offshore location for this process.
Migration Effort: The amount of effort invested in migrating the process is likely to affect the nature of operations offshore and any efforts taken to mitigate post offshoring coordination difficulties.
Migration effort is measured as both the number of personnel who were involved in migrating the process as well as the time taken to migrate the process.
Process Type: The data consists of IT, back office an contact centre processes. The effect of the process types are controlled for using dummy variables.
Management Model:
We control for the percentage of the process that is performed by the vendor rather than the client since this might affect the response to coordination difficulties faced post offshoring.
Vendor response: While most of our surveys were completed by vendor personnel, a small percentage of them were completed by clients. We control for the effects of differences in role using a dummy that takes the value 1 if the vendor answered the survey.
Process Knowledge Stickiness:
While system dependence is the characteristic of interest in this paper, process stickiness is another characteristic that could significantly affect process performance.
Knowledge stickiness impedes the transfer of knowledge necessary for executing the process from one set of personnel to another set of personnel (Szulanski, 1996; von Hippel, 1994; Hansen, 1999; Zander & Kogut, 1995; Birkinshaw et al, 2002 ) -in this case from onsite personnel to offshore personnel. In this instance, it is important to control for the effects of knowledge stickiness, since low performance of the offshored process could result from the inability to transfer the knowledge required to execute the process rather than the inability to coordinate between the onsite and offshore locations.
Knowledge stickiness of the offshored process was measured using seven items. We used items from the literature that capture information regarding tacitness, codifiability, causal ambiguity, and social complexity (Szulanski, 1996 , Zander & Kogut, 1995 . The Cronbach alpha for this scale was 0.82 indicating satisfactory fit. Confirmatory factor analysis indicated an excellent fit with a CFI of 0.97 and a CMIN/DF of 1.47.
Analysis Techniques
Our propositions predict that the effects of process knowledge characteristics will be moderated by the type of investments in migrating the process from onsite to offshore locations. We test this hypothesis using OLS regression models. Since our data contains multiple processes from each firm, we control for the resulting non-independence of observations by clustering the standard errors for each firm. We examined the presence of firm effects by analysing both fixed effects and random effects models. In both cases, we were unable to reject the null hypothesis that all the firm fixed effects are not different from zero. This is not surprising since most of the data come from vendors for processes that perform for several clients. It is likely that across firm differences are larger than across vendor differences.
For all the analyses reported in this paper, we constructed the variables of interest by multiplying the individual item scores by their weight in the CFA model. We also constructed alternative variables as the scales computed by averaging the responses to individual items. Analyses performed using these scales result in qualitatively similar results. between most of the independent variables suggests that collinearity is not a significant concern for our analyses.
Results
INSERT TABLE 3, TABLE 4 HERE
Our first hypothesis suggested that as process knowledge system dependence increases, offshoring performance will be negatively affected. Table 5 reports OLS models in which the dependent variable is post-offshoring performance. Inspecting model 1 in table 5, find that system dependence of the process has a strong negative relationship with outsourced process performance.
Interestingly, in the same model, we notice how process knowledge stickiness has no significant relationship to post-offshoring performance. This direct relationship shows that it is harder to coordinate processes with high system dependence across locations.
Our second hypothesis suggests that as system dependence of a process increases, increasing investments in modularity lead to higher performance post offshoring. Model 2 in table 6 shows that the interaction term between system dependence and investments in modularity is positive, but is not significant. Therefore, we do not find support for the second hypothesis. The third hypothesis suggests that investments in ongoing communication moderate the effects of system dependence on performance. In model 3, we find that the interaction term, though positive as expected, is not significant. Therefore, we do not find support for the third hypothesis.
The fourth hypothesis suggests that investments in common ground moderate the effects of system dependence on performance. The interaction term, though positive, is not significant.
However, due to multi-collinearity inherent in an interaction design, we tested for the joint significance of the coefficients. This joint test of the two main effects and the interaction effect is highly significant (F(3, 14) = 6.7, p-val = 0.005), suggesting that multi-collinearity between the variables might be suppressing the significance of the interaction term. A similar joint test is not significant for the interaction between system dependence and investment in modularity (F(3,14) = 3.19; p-val = 0.056)or for system dependence and investment in ongoing communication (F(3, 14) = 4.01, p-val = 0.03). The significance of the joint test shows that investing in common ground has a positive effect on performance when offshoring processes with high system dependence. In further analyses, not reported here, we further probed the robustness of these findings on the effects on modularity, ongoing communication and common ground. We find that the results are unchanged when we control for both the magnitude of each type of investment, as well as the total investment in transition.
INSERT TABLE 5 HERE
It could be argued that our measure of common ground captures some effects of ongoing communication, especially the last three items that help with the interpretation effect of common ground. To test the validity of our results, we created another variable that sums just the first three items of our common ground measure, that does not involve any items related to communication.
Since these items, refer to the ability of common ground to enable the anticipation of actions across locations, we name it CG Anticipation. Model 5 in table 5 shows the moderation effect of CG Anticipation on the relationship between system dependence and performance. Similar to Model 4, we find that the interaction term is positive, but not significant. However, a joint test is again highly significant (F(3,14) = 7.4; p-val = 0.003). These suggest that common ground has the hypothesized moderation effect.
We also asked our respondents for the percentage of transition effort that was spent in modularity, ongoing communication and generating common ground. We tested the above hypotheses with these effort measures rather than with the "item" based measures as reported above. From Model 2 in Table 5a , we see that the interaction term for the effort spend in modularity, though positive is not significant, similar to the results reported above. In Model 3 in Table 5a , we see that the interaction term for ongoing communication is significant but negative, similar to the results reported above. This suggests that increasing investment in ongoing communication actually harms performance. Finally, from Model 4 in Table 5a , we see that the interaction term between system dependence and common ground is positive and significant as hypothesized. The overall pattern of results, using both the itembased measures and the percentage effort invested measures in the three coordination mechanisms are very similar, suggesting that our results are quite robust to specification.
INSERT TABLE 5a HERE
Next, we tested for the combined effect of all the three coordination mechanisms. Table 6 Model 1 shows the effects for modularity, communication and common ground, while Model 2 shows the effects for CG Anticipation. While none of the main effects and interaction effects are significant by themselves. However, since these terms are highly collinear, the standard errors in the models are likely to be inflated. Therefore, we conducted joint significance tests involving the main effects and interaction effects as shown below Table 6 . The joint significance tests indicate that all the main and interaction effects are highly significant together (χ 2 (7) = 30.5 and p-val =0.0001 for Model 1 and χ 2 (7) = 43.02, p-val = 0.0000 for Model 2 respectively). These results suggest that while modularity and common ground have a positive moderation effect on the relationship between system dependence and performance, communication actually has a negative moderation effect. The results also suggest that especially common ground is a more powerful mechanism than either modularity or communication in resolving the problems that arise due to system dependence.
INSERT TABLE 6 HERE
We performed some additional analyses to understand if there are any differences between the IT, BPO and contact centre sub-samples in their choice of coordination mechanisms. Our prior fieldwork indicates that in general offshored IT processes are more complex and harder to standardize than back office or call centre/contact centre processes. Since IT offshoring has been prevalent since the 1980s, the firms involved have developed skills to deliver a variety of sophisticated solutions from offshore locations (Ethiraj et al, 2005; Athreye, 2005) . Though some of the back office work could be very complex, such as our prototypical example of interactions between a trader and his research support person, much of the current offshored processes tend to be low complexity, routine work. In our data we find that almost all the back office and contact centre processes can be classified as low complexity. Inspecting the process type indicators in the analyses so far, we also find that IT processes are significantly different than back office processes, but contact centre processes are not.
Therefore, we investigated the differences by splitting the sample between IT processes and non-IT processes. Table 7 reports the results for the analyses on the IT and BPO sub samples. The interaction term between ongoing communication and coordination difficulty is negative and significant for the IT sub-sample in model 1 and model 2. The interaction term, however, is positive but not significant for the BPO sub-sample in models 3 and 4. In model 1 and 2 we find that the interaction term of system dependence with common ground is positive and significant for the IT sub-sample, and in model 3 and 4 we see that the interaction term with common ground is positive but not significant by itself for the BPO sub sample. However, the joint tests of significance for the BPO sub-sample as shown below Table 7 are highly significant. Taken together, these results suggest that while both ongoing communication and common ground are helpful in resolving coordination difficulties arising from residual interdependence in back office and call centre processes, only common ground is helpful in resolving residual interdependence in complex processes such as those found in IT. The results from our sample actually suggests that investment in ongoing communication might actually be harmful for the performance of complex processes such as IT.
INSERT TABLE 7 HERE
As the last set of analyses, we looked at he impact of process knowledge stickiness on performance. Based on prior theory, we expected that procedures to reduce stickiness or those that help in transferring sticky knowledge such as increasing observability and working closely with current process experts would positively moderate the impact of knowledge stickiness on postoffshoring performance (Szulanksi, 1996; Zander & Kohut, 1995; Hansen, 1999; Birkinshaw et al, 2002) . We also expect that the three coordination mechanisms discussed above would not impact the performance of sticky processes. Model 3 in table 8 reports a positive and highly significant coefficient for the interaction term between process stickiness and effort invested in transition procedures. This allows us to replicate in the offshoring situation prior findings in the literature on technology transfers, knowledge transfer in MNC etc.
INSERT TABLE 8 HERE
Finally, moving on to the control variables, we see that unsurprisingly process maturity has a positive effect on performance. We also find that processes that take a long time to migrate have a negative effect on performance. This is probably because process that take long time to migrate are either complex and difficult or run into other unforeseen problems in offshoring. Perhaps unsurprisingly, we also find that clients rate performance of a process lower than vendors do. Finally, IT processes generally report lower performance than back office processes.
Discussion and Conclusions
The primary purpose of this paper was to investigate in a field setting the performance consequences of investment in the three remote coordination strategies, modularity, ongoing communication and generating common ground, as a function of the system dependence of the offshored process. A secondary motive was to identify when common ground may be more suitable to achieve coordination than ongoing communication.
Our results show that common ground is a distinct coordination mechanism that can be empirically distinguished from modularity and ongoing communication. Our results also suggest that while common ground is effective in coordinating across geographic distance for a system dependent process, modularity and ongoing communication may not be effective for this purpose. The interaction effect of common ground and system dependence is graphically shown in Figure 3 .
INSERT FIGURE 3 HERE
In our sample we also find that common ground is the only mechanism that can achieve coordination for complex processes such as IT services. Interestingly, our findings indicate that ongoing communication between locations may actually worsen the problem of coordinating a system dependent process across locations. Finally and quite unsurprisingly, we find that none of the coordination mechanisms have any influence on the relationship between process knowledge stickiness and performance. Only knowledge transfer mechanisms that are part of process transition procedures ameliorate the effect of stickiness on performance. These procedures, however have no influence on the impact of process system dependence.
It is interesting to compare our results with practical wisdom. Typically, offshoring failures are most often attributed to the lack of skill/knowledge on the part of offshore employees.
Interestingly, our results suggest that offshoring firms are highly skilled at transferring sticky knowledge across firm and geographic boundaries. Our results however suggest that, system dependence of the offshored process is a significant barrier to process performance post-offshoring.
To reiterate the findings above, we also find that effort directed at reducing system dependence by modularizing the process or coordinating over system dependence by generating common ground across the onsite and offshore locations is effective at improving offshore service delivery.
In subsequent analyses (not reported here), we find that our results are quite robust to alternative specifications of system dependence and common ground. Our results for the effects of common ground are also robust to controlling for the total investment in migration as well as when the level of investment in modularity and ongoing communication are controlled for. In our measure of common ground, the first three items are designed to especially impact coordination by anticipation of actions, while the last three are likely to impact both anticipation and interpretation. It could be argued that the interpretation components are effectively proxies for communication. Therefore, we tested our results with a scale created only from the first three items, to see if "pure" anticipation achieves coordination. As shown in the tables, our results are robust (and stronger) to this respecification of common ground.
This study is subject to a number of limitations. First, the majority of our data comes from vendor companies. While vendors should have an accurate knowledge of the state of the process prior to offshoring since they observe it in action at its original location during migration, it is likely that their perceptions are biased toward exaggerating how dysfunctional the processes were prior to them taking it over. Second, vendors are more likely to over state the current performance of the process.
We do try to correct for this bias by introducing a dummy that takes into account whether a client or vendor completed the survey, but it does not substitute for having responses from both parties to the transaction. Second, it is unclear how much of the investment in modularity, and especially in ongoing communication and common ground occurred during transition rather than after, when coordination difficulties were experienced. From our data we cannot conclude whether it is better to first modularize the process efficiently and then use common ground for residual interdependence or if it better to only invest in common ground. Longitudinal data collected at each state of the movement of a process, such as pre-transition, migration, post-transition, and steady state would help alleviate these problems. Finally, investments in modularity, communication and common ground are endogenous. Therefore we can only make a correlational argument than a causal one for the relationships we observe. However, we feel confident about the basic validity of our results: we have controlled for obvious alternative explanations, essentially involving the other coordination mechanisms, as well as the effort involved in migration using several measures. Our results are robust to several alternative specifications for our main independent variables, common ground and system dependence. Our field work also suggests the basic validity of our propositions and our results. It seems difficult to think of other alternative explanations that coherently account for all these facts.
Our results have several implications for practitioners. Managers should move away from "ICT-enabled feedback" and the assumption that they need to make provisions for unfettered communication across locations to achieve best performance. Investments in costly technologies such as videoconferencing or fancy net meeting/mind meeting type capabilities remotely may not be very helpful in remote coordination success. Rather, managers must pay attention to much simpler tasks such as standardizing processes and ensuring transparency in decision making processes and actions.
Our results also partially support and partially challenge assertions in most managerial writing on distributed work that it is helpful for the whole team to meet at the beginning of the interactions (Armstrong and Cole, 2002; Wageman, 2003) . Our work suggests that judicious travel by both onsite and offshore personnel to each others locations would help improve coordination. Managers should also realize that if efficient coordination is not achieved -it is not only because the team in the other location is not motivated to make offshoring a success. It could equally well be the result of coordination failure that arises from the lack of knowledge regarding the activities in the other locations. Building common ground across locations is a very efficient means of creating such knowledge. Please indicate the extent to which the following statements accurately describe the client firm's knowledge about this process before the offshoring initiative was undertaken (-3: Strongly disagree; 0: Neither disagree nor agree; +3: Strongly agree)
1. We had extensive documentation that described all the critical parts of this process 2. Most of the training required to perform this process was obtained from our manuals 3. The steps involved in executing this process were well understood standard industry practice 4. The quality of the process would deteriorate significantly if a few individuals from this group left the organization (reverse coded) 5. The interactions between individuals who were involved in executing this process were well structured and handoffs were well defined 6. In this process most employees were capable of performing other employee's jobs 7. Interactions between this process and other linked activities were precisely known and documented
Process Knowledge System Dependence
The following questions measure the nature of interactions between the offshored process and linked activities/departments in the client firm before this offshoring initiative was undertaken (-3: Strongly disagree; 0: Neither disagree nor agree; +3: Strongly agree)
1. Personnel executing this process were in constant touch with personnel executing other linked activities 2. Changes to this process led to substantial changes in other linked onsite processes
Investment in Transition Procedures (to reduce stickiness)
Please indicate the extent to which you agree with the following statements regarding transition.
(-4: Strongly disagree; 0: Neither disagree nor agree; +4: Strongly agree)
1. During transition, offshore personnel spent a significant amount of time closely observing the work of current experts in the process 2. A great deal of process mapping and documentation was performed as a part of transition. alpha: 0.81; CFI: 0.86 Please tell us how much effort was spent on the following activities during and after transition (until now) to facilitate smooth interactions between the offshored location and onsite location (-4: Little or no effort; -2: Some effort; 0: Moderate Effort; +2: Significant effort; +4: Intensive focused effort):
Investment in Common Ground
(1) Helping personnel in each location to understand the decision making procedures used by personnel in the other location (2) Investment in technologies that enable personnel in one location to observe the work -inprogress in the other location (3) Encouraging personnel from one location to relocate and work from the other location for some time (4) Encouraging and facilitating travel by personnel from the one location to visit the other location (5) Investment in cultural training for employees in each location to better interact with employees in the other location (6) Encouraging and facilitating personnel in the offshore location to learn and adopt the vocabulary used by personnel in the onsite location (1) Simplifying linkages between the offshored process and linked activities retained onsite (process was modularized); (2) Adapting the offshored process to be executed remotely so that need for interactions between the offshored process and linked activities retained onsite is minimized; (3) Creating standard operating procedures (rules, policies, etc) such that interactions between the offshored process and linked activities retained onsite are structured; (4) Partitioning the offshored process into portions with low and high interaction components (process chunking); (5) Reengineering the offshored process such that any coordination between the offshored process and linked activities retained onsite is fully structured 
Investment in Communication
